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1. Introduction

SA2 is working on the MTCe (Machine-Type and other mobile data applications Communications Enhancements) work item and has discussed and documented potential solutions for several key issues in the TR 23.887[1].

As a result, in RAN #59, A study item “Study on RAN aspects of Machine-Type and other mobile data applications communications enhancements” has been approved for Rel-12 [2] in RAN2 correspondingly to investigate and evaluate MTCe solutions proposed in [1], which have an impact on the radio access network, and to address the objectives outlined in the SDDTE and UEPCOP building block WIs.
In the LS response [3] and feedback on MTCe-SDDTE solutions, RAN2 has provided that “in terms of radio signaling overhead, for stationary UEs the most efficient solution is to keep them in connected mode. RAN2 believes that this approach is feasible for ‘frequent’ (small) data transmissions.”
Given that SA2 have decided to pursue the Long Connected Mode for SDDTE, and RAN2 also have a liaison from SA2 [4] to “investigate if there is benefit in standardizing any assistance information for assisting eNB in efficient decision making to keep UE in connected or idle mode.”
In this proposal we focus on handover procedure in the long connected mode.
2. RAN considerations of keeping UE in connected mode

2.1  Description
In order to minimize UE state transitions, solutions can be defined to keep the UE in connected mode while reducing the signalling overhead (e.g. modifying the value of the parameters for measurement reporting and handover behaviour) and power consumption (e.g. adjusting the DRX cycle) resulting from connected mode.
For this solution, the eNB may employ user inactivity timer to a longer value. The purpose is to reduce the signallling overhead of frequent RRC connection establishments. The main benefits of the solution are: it doesn’t have specification change to the protocol, and greatly reduces the signalling overhead.
2.2  Challenges
However, there are several challenges for this solution: 

· The UE often will send small amounts of data, for example, maintenance of UE timing advance, periodic channel sounding, and measurement reports. Keeping UE in connected mode will consume considerable amount of UE power and how to reduce it is challengeable.

· eNB needs to support a large amount of UEs in connected state, whether the control channel is sufficient to support a large number of UEs with small data transmissions?
· Mobility handling - as indicated by TR 36.822 [5], the number of HO would increase when using longer RRC release timer. For fast moving UEs, the HO signalling would increase even more than the signalling of RRC connection establishment.

2.3  Mobility aspect

From the point view of applicability, this solution is more efficient for frequent data transmissions and low/middle UE velocity. A high UE velocity will bring about more HO signalling.

Theoretically, eNB configures the value of the parameters transferred to the UE e.g. measurement configuration different from normal connected mode, which could reduce the probability of handover. But such reduction is limited for high velocity UEs.

Having many UEs in CONNECTED would waste network resources, handover related signalling and UE power if not properly configured. To make an optimal decision on when to keep the UE in CONNECTED and when in IDLE is required in RAN2.
3. Solution details
The optimum trade-off between state transition and handover signalling depends on the cell sizes and UE movement. Therefore, for the decision about keeping UE in connected mode for a longer time would require a prediction about the UE mobility in order to be able to assess how much handover signalling can be expected. 

We observed that if a HO procedure is performed before the long inactivity timer expires, there is no data to be handed over. Thus, data transfer procedure for HO is not required. So, on HO trigger, the CONNECTED mode could be terminated without performing a HO ahead of the long inactivity timer expiring since that there is no data to be forwarded.

3.1  Message sequence for handover within LTE

In RRC_CONNECTED, the E-UTRAN controls mobility by ordering the UE to perform handover to another cell. The message sequence for the procedure for handover within LTE is shown in Figure 1 [6].

[image: image1.emf]
Figure 1: Handover within LTE

The sequence is as follows:

1. The UE may send a MeasurementReport message.

2. Before sending the handover command to the UE, the source eNodeB requests one or more target cells to prepare for the handover. As part of this ‘handover preparation request’, the source eNodeB provides UE RRC context information. In response, the eNodeB controlling the target cell generates the ‘handover command’. The source eNodeB will forward this to the UE in the RRCConnectionReconfiguration message.

3. The source eNodeB sends the RRCConnectionReconfiguration message to the UE. This is the message which orders the UE to perform handover, and it includes mobility control information and the radio resource configuration information in the target cell.

4. If the UE is able to comply with the configuration included in the received RRCConnectionReconfiguration message, the UE starts a timer, known as T304, and initiates a random access procedure, using the received RACH configuration, to the target cell at the first available occasion. The UE derives new security keys and applies the received configuration in the target cell.

5. Upon successful completion of the random access procedure, the UE stops the timer T304.

Here we compare the signalling of HO procedure and that of RRC connection establishment as the table shown below.

	
	Handover
	RRC connection establishment

	Handover preparation
	(
	

	RRC Connection Reconfiguration (source eNB)
	(
	

	Random access procedure
	(
	(

	RRC connection request
	
	(

	RRC connection setup
	
	(

	RRC connection reconfiguration (target eNB)
	(
	(

	Security keys
	(
	(

	Path Switch
	(
	

	Initial UE message
	
	(

	Initial context setup
	
	(


We can find that the signalling to initiate a new RRC connection establishment is not that much larger than the signalling in a handover procedure. If there is more than one handover procedure before the inactivity timer expires, the more the signaling overhead would be. 
3.2  Proposed procedure

Figure 2 shows the proposed handover and connection release procedure of the Frequent Small Data Transmission UE in long connected mode. 
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Figure 2: Proposed handover and connection release procedure

When the handover will happen immediately and there is no data to be handed over, to keep the UE in connected mode is not valuable for the purpose of signalling saving. This scheme optimize the time of keeping UE in connected mode which does not require a prediction about the UE mobility.
So we proposed that,

Propose 1: Two Inactivity Timers, short value and longer value, could be standardized as the assistance information for assisting eNB in efficient decision making to keep UE in connected or idle mode.
Propose 2: If the Short Inactivity Timer expires, the connected mode is terminated at once eNB decides the UE to perform handover ahead of the Longer Inactivity Timer expiring.
4. Conclusion

It is proposed that the following text can be added to TR 37.869 based on the above analysis.
*********************************** First Change ************************************
5.5
Keep the UE in connected mode

5.5.1
Solution 5a. Core Network assisted eNB parameters tuning for small data transfer
NOTE:
This solution is described in TR23.887v0.8.0, section section 5.1.2.3.1 “Keep the UE in connected mode”.

In order to minimize UE state transitions, solutions can be defined to keep the UE in connected mode while reducing the signalling overhead (e.g. modifying the value of the parameters for measurement reporting and handover behaviour) and power consumption (e.g. adjusting the DRX cycle) resulting from connected mode. 
In order to minimize UE state transitions, UEs can be kept in connected mode. The setting of some key parameters like the RRC inactivity timer and the DRX timers could be assisted by the Core Network. This could be based on initial values for the parameters provided at attach time or subscription data (e.g. related to expected mobility pattern, or expected allowed applications characteristics such as whether only mobile originated services are expected by the particular application) and/or the learning of the signalling traffic pattern and/or the mobility pattern of the user. The CN assistance information can enable the RAN to adjust/optimize the RAN parameters applied to the UE and thus reduce the frequency of transitions between idle and connected states, minimize network signalling, and save UE battery consumption.
5.5.1.1
RAN aspects

Table 5.5.1.1-1: Qualitative analysis for Solution 5a

	Applicability
	Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.

	Impacts to radio protocols
	No impact 

	Impact on Mobility 
	No impact 

	AS Security impacts
	No impact 



	Impacts to S1/Iu signalling
	Additional assistance data in UE Context Release Complete and Initial Context Setup Complete messages. 

	Impact to network implementation
	Impacts to MME:

· setting of CN assistance information based on subscription data and/or (dynamic) monitoring of the UE activity; 

· storing RAN assistance information received from the last eNB during the release of the last RRC signalling connection;

· passing CN and/or RAN assistance information to the eNB during the setup of a new RRC signalling connection.

· passing CN and/or RAN assistance information to new MME in case of the idle mobility events and inter MME handovers.

· Impacts to eNB:

· tuning of RAN parameters (e.g. DRX cycle and/or RRC inactivity timer) using CN and/or RAN assistance information;
· providing the RAN assistance information to the MME during the release of the RRC signalling connection and S1 and X2 handover procedures.

· providing the RAN assistance information to the target eNB over X2 during an X2 handover procedure.

	Impact to UE implementation
	No impact 



	Impact on UE Power Consumption
	UE power consumption depends on the configuration provided by the eNB.



	Impact on control plane latency
	No impact 

	Impact on System/Spectrum efficiency
	The MME has to store the information for a huge number of UEs in the coverage. However the MME has to store fair amount of data for the UE anyway and the volume of assistance data per UE is small compared to this.

Note 1: In connected mode the assistance information could come from either UE (i.e. no changes to Rel-11) or from core network as proposed in this solution. It is unclear why the assistance information should come from core network though. It would probably be easier and more reliable to have this information from the UE (although UE providing assistance info will impact radio interface efficiency and will also need to be implemented by UE).  

Note 2: (applicable in general for all long term connected mode solutions) If UEs are kept in Connected mode for long times, handover signalling overhead should be reduced for mobiles which are non-stationary. Furthermore, there may be a negative effect on radio resource usage e.g. PUCCH resources if many UEs are kept in connected mode but only active infrequently 

	Signalling gain
	Radio messages
	No gain (with respect to the solution to keep the UE in Connected mode without this specific proposal).

However the gain should be compared to UE going Connected/Idle. Since the entire connection setup procedure may be avoided this has a significant advantage over solutions starting in idle mode. However, handover signalling overhead must be considered for non-stationary devices. 

	
	Bits over the air
	As above, the gain should be compared to UE going Connected/Idle.  

	
	S1/Iu interface signalling
	As above, the gain should be compared to UE going Connected/Idle.  


Editor’s Note:
Impacts to S1/Iu signalling might be verified by RAN3.

Keeping the UE in connected mode can eliminate the RRC Connection Setup and Release signalling, with mobility signalling events increasing correspondingly with the mobility of the UE. This solution is more efficient for frequent data transmissions and low/middle UE velocity. But high UE velocity will bring more handover signalling.

Two Inactivity Timers, short value and a longer value, can be provided as the assistance information for assisting eNB in determining whether to keep UE in connected or idle mode. If a handover will happen immediately and there is no data to be handed over, to keep the UE in connected mode is not useful for the purpose of signalling saving. If the legacy Inactivity Timer expires, the CONNECTED mode will be terminated once eNB decides for the UE to perform handover ahead of the long Inactivity Timer expiring.
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